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a b s t r a c t
The pre-Magdalenian phase of the Côa River Valley open-air rock art is mostly distributed at the
boundary between the rocky valley slopes and the floodplain that correspond to the most favourable
geomorphological setting for the preservation of pecked and deeply superposed engravings of the most
famous artistic phase of the area. The natural vertical panels of the engraved art located at this
geomorphological interface have suffered weathering during two cold events of the Lateglacial. They
were buried by several colluvial and alluvial deposits. The reconstruction of the sedimentary and
archaeological context of the CôaRiver Valley engraving permits a better assessment of the preservation
processes and interpretation of Palaeolithic open-air rock art.
 2010 Elsevier Ltd. All rights reserved.
1. Introduction
One century after the discovery of the first Palaeolithic repre-
sentations in caves, the interpretation of the Mazouco open-air
engravings as contemporaneous implied that rock art of this period
couldbepreservedoutof caves or rock-shelters (Jorgeet al.,1981). At
the end of the twentieth century, other open-air rock art panels
exposed to weathering in Iberia and southern France were also
attributed to the Palaeolithic period (Fig. 1A). These petroglyphs
were found in the Spanish sector of the Douro drainage basin, at the
Siega Verde (Balbín Behrmann et al.,1991) andDomingoGárcia sites
(Rippol andMunicio,1992) and in the SpanishGuadianawatersheds
at Molino Manzanez (Collado, 2009). In Portugal, these engravings
were found in the lower valley of the Côa and Sabor rivers (Baptista,
1999, 2001; Baptista and Varela Gomes, 1995; Zilhão, 1997), along
the Ocreza (Baptista, 2001) and the Zêzere rivers (Baptista, 2004)
and along the right margin tributaries of the TagusRiver. The site of
Fornols-Haut (Bahn, 1985; Sacchi et al., 1988) remained the only
open-air rock art site known north of the Pyrenees (Fig. 1A).
Despite a clear increase in the rate of its detection in recent years,
thirty years after its first discovery open-air rock art represents only
a small percentage of all the rock art representations assigned to the
Palaeolithic. Some researchers consider this proportion to reflect the
Palaeolithic preference for cave and rock-shelter settings. Others
argue that it is not representative and that the open-air imageswere
a common and permanent component of the Palaeolithic monu-
mental art (Sacchi, 2002; Bahn, 1995), but were mostly destroyed
because of their direct exposure to weathering (Zilhão, 1997).
The aim of this paper is to establish the relationship between
the oldest phase of the Palaeolithic rock art cycles recognised in the
CôaRiver Valley and the associated Quaternary sediments in light of
the floodplain deposit’s accumulation and its interrelation with
palaeoclimatic changes. From these data, we try to explain the
process and mechanisms that have permitted the conservation of
these engravings, despite episodes of weathering that have affected
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the rocky outcrops used as support. Furthermore, we attempt to
define their visibility (or lack of visibility) during time. The results
allow a new approach to the issue of open-air rock art and its
interpretation in the context of the oldest European Palaeolithic art
testimonies.
2. Regional setting and Palaeolithic engraving location
The Côa River is a Portuguese left-bank tributary of the Douro
River, one of the major watercourses that cross the NW Iberian
mountains from east to west. The 120-km long river basin, NeS
aligned due to tectonic control, comprises two different geological
sectors (Fig.1B). The upstream sector, down to the last 17 km before
the confluence with the Douro River, is through Hercynian granit-
oids. The downstream sector grades to a meandering pattern cut in
Precambrian, Palaeozoic and Ordovician metamorphic rocks
(mostly schist).
Currently, the hydrologic regime of the river discharge is directly
imposed by rainfall and controlled by direct runoff induced by the
sharp gradient and the scarce vegetation cover. However, the Last
Fig. 1. Open-air rock art of Iberia and southern France (a), geological setting of the low Côa River Valley (b), distribution of the Palaeolithic rock art phases and contemporary sites of
habitat of the low valley of the CôaRiver (c).
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Glacial Maximum (LGM) temperature reconstruction model for the
coldest month of the year implies that, at this time, precipitation
accumulated in the form of snow cover, and the annual discharge
was more evenly distributed due to the underground flow and the
spring snowmelt (Aubry et al., 2002).
The Palaeolithic engraving art of the CôaRiver Valley was
discovered at the end of the 1990s, during the construction of
a dam project later discarded. The engravings, made by incision,
scraping and pecking, are preserved on naturally vertical diaclases
on the schist and granitoids Hercynian basement. The stylistically
Palaeolithic engravings are scattered over the 22 km of the Côa and
Douro rivers and some tributaries near their confluence (Figs. 1C
and 3). However, the survey of the entire floodplain margin is not
possible because the lower portion (below 125 m of elevation) of
the downstream 7 km of the Côa River Valley (from the Olgas da
Ervamoira site to the confluence with the Douro) is inundated by
the tail of the reservoir of the Pocinho dam, built a few kilometres
downstream from the confluence with the Douro (Fig. 1B).
The vertical joints were progressively open and exposed by
traction and tilting due to stress relief during the incision of the
CôaRiver (Fernandes, 2009). The incision process is evidenced by
terraces deposited on the Côa margins in the Late Pleistocene
(Aubry et al., 2002).
2.1. CôaRiver valley Palaeolithic rock art phases
The engraved diaclases are covered by siliceous and metallic
films subject to a constant process of re-deposition (Pope, 2000).
Small fragments of organic material contained within the tracing,
in and under these films, were subject to direct dating by the 14C
AMS method, revealing Holocene origins (Watchman, 1995, 1996).
However, the results obtained by the same method on the rock art
tracing and the adjacent natural surfaces presented by Dorn (1997)
confirmed the hypothesis advanced by Zilhão (1995) and proved
that the metallic and siliceous films of the engraved surface do not
constitute a closed and stable system.
Fig. 2. Detail of the Vale de José Esteves Rock 16 (aeb), portable art on schist slab from Fariseu. Stratigraphic unit FA-4 dated by luminescence to ca. 11 000e12 000 BP and by 14C to
10 000e12 000 cal yr BP (c), and stratigraphic unit FA-7 dated by luminescence between 18 400e15 000 BP (d), Fariseu, scheme of the stratigraphical units conserved in front of
Rock 1 representative of the older Palaeolithic rock art phase of the Côa River Valley, and fragment of the engraved panel recovered in the unit FA-8 dated by OSL ca. 18 400 yr BP (e).
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Confirmation that the dates obtained by the 14Cmethodprovided,
at best, only minimum ages, was obtained in December 1999. At that
time, maintenance work along the Douro River enabled a survey of
a section of the CôaRiver Valley usually covered by the Pocinho
reservoir. A test at the Fariseu site (Fig. 1B and C), at a meander of the
left bank of the river on the schist portion of the valley, revealed
a sedimentary sequence preserved at the contact with an engraved
panel,Rock1ofFariseu(inventorynumberof the rockartpanelsof the
site of the Côa Valley Archaeological Park). A combination of the
stratigraphic sequence, archaeological lithic assemblages (Aubry and
Baptista, 2000; Aubry et al., 2002) and dating by Thermolumines-
cence (TL) and Optically Stimulated Luminescence (OSL) (Mercier
et al., 2006) has confirmed the stylistic and archaeological argu-
ments advanced by Zilhão (1995) and contributes to the establish-
ment of a relative and absolute chronology of the Côa Valley rock art.
Thearchaeological data reveal twomainperiodsof artisticproduction
in the valley during the Upper Palaeolithic. The more recent period,
dated by TL between ca. 10 800 BP and 11 800 BP, is represented by
rock art andportable art (Fig. 2A andB). The older period corresponds
to the famous pecked and deeply incised representations of the Côa
Valley World Heritage (Fig. 2D; Baptista, 1999; Baptista et al., 2008,
2009). These engravings were done before ca. 18 400  1600 BP, the
ageof theFA-8geoarchaeologicalfieldunitof theFariseu site datedby
OSL, where an engraved fragment of the rock panel was discovery in
2007. Although it does not connect directly with the incomplete
figures on Rock 1, the position of the engravings and their similarities
with the engravings onRock 1 allowus to propose that this panelwas
engraved before this layer formed (Fig. 2E; Aubryand Sampaio, 2008;
Mercier et al., 2006). This evidence provides a minimum age for the
engravings of this artistic phase that would be significantly older.
A prior human occupation of the site is suggested by the age of
19 020  80 14C yr BP (22 581e23 174 cal yr BP) obtained from
a charcoal fragment found at the bottom of the sequence excavated
in the central part of the Fariseu site. Nevertheless, the direct rela-
tionship between this date and the older graphic phase, represented
by the engraving of Rock 1, cannot be definitively established.
The survey carried out since 1995 in the CôaValley Archaeo-
logical Park has revealed new engraved panels of different chro-
nology. From 2004 to 2006, the total number of engraved panels
increased from 330 to 664 (Baptista and Reis, 2009). Of these, 330
Fig. 3. Position of the sites according to the longitudinal profile of the Côa and Douro Rivers (a), distribution of the rock art of two Upper Palaeolithic artistic phases (L. Luís) (b).
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panels could be stylistically attributed to the Palaeolithic (Fig. 1C).
However, a stylistic comparison with the representations of
portable art on schist slabs, found in the Fariseu site geo-
archaeological field units dated by TL, OSL and 14C AMS, shows that
the majority Palaeolithic engravings discovered during the 21st
century were realized by the fine incision technique during the
Younger Dryas (Fig. 2A; Aubry, 2009; Aubry and Garcia Diez, 2001;
Aubry and Sampaio, 2008). The panels ascribed to this late Palae-
olithic artistic phase are distributed over the whole slope of the
lower Côa hydrographic basin and show a stronger density towards
the junction with the Douro River Valley (Figs. 1 and 3). A panel of
cervidae and capridae carved by the incision techniquewas found in
2008 at the top of a schist plateau near the Vila Nova de Foz Côa city
(Baptista and Reis, 2009). In contrast, despite the systematic survey,
the pecked and deeply incised engravings of the older stylistic
phase similar to the Fariseu Rock 1 (Baptista et al., 2008, 2009;
Baptista and Santos, 2010) remained concentrated in the lowest
portion of the valley slopes (below 200 m a.s.l.) and along 8 km of
metamorphic rocks (Fig. 3). This geographical, topographical and
lithological distribution enabled us to propose a differential pres-
ervation according to the effect of meteoric agents varying with
elevation and temperature, petrography of the bedrock and pre-
engraving tectonic deformations (Aubry et al., 2002; Zilhão, 2003).
At the Fariseu site, in the FA-7 geoarchaeological field unit of the
stratigraphical sequence at the Rock 1 interface (over the FA-8 unit
dated by TL to 18 400  1600 BP and under the FA-6 unit dated
15 200  1600 BP; Fig. 2), a fragment of engraved portable schist
slabwas discovered. This fragment contained a representation of an
incomplete animal with multiple incisions and tracings (Fig. 2C).
This discovery not only proves the existence of an intermediary
artistic phase but also documents the use of this artistic convention
during that phase.
3. Material and methods
The information presented here is derived from stratigraphic
archaeological remains and chronological data collected at the
CôaRiver Valley sites, using the standard geoarchaeological field-
work approach: a geomorphological study of the site surroundings,
a field description of the site deposits and stratigraphic correlation,
and finally the selection of sampling location for micromorphology
and dating. Fieldwork at the sites included the systematic
description of exposed cross-sections and profiles to reconstruct
stratigraphic successions, their vertical and lateral variations and
archaeological contents (Table 1 and Fig. 4). The description was
made using a comprehensive form addressing the sedimentary,
pedogenic and anthropogenic characteristics of the deposits (e.g.,
Keeley and Machail, 1981; FAO-Isric, 1990; Brown, 1997) to recog-
nize the site formation processes. Informal geoarchaeological field
units (GFU) were identified on the basis of lithostratigraphic,
pedological or archaeological criteria and used as field categories.
Data provided by the macroscopic approach of the GFU are
supported by the micromorphological study of samples collected
along the Fariseu Rock 1 sequence (Sellami, 2009a), at Olga Grande
4 and 14 sites located on the granitic plateau (Sellami, 2009b) and,
on schist, at Cardina I site (Bergadà, 2009; Bergadà et al., 2009).
The correlation between GFU of the several sites rests upon the
reconstruction of their genetic processes and the environment of
deposition, based on particle size distribution, fabric and structure,
archaeological contents and chronometric dating. The chronolog-
ical data (Table 2) were obtained by Accelerator Mass Spectrometry
(AMS) and conventional 14C analysis (Sacavém Laboratorye Sac), as
well as OSL and TL When appropriate, original 14C conventional
data and AMS data were converted into calendar age (cal yr BP)
using CalPal calibration from Weninger and Jöris (2004) with the
Calcurve CalPal_2007_HULU (www.calpal-online.de). All the errors
are 1-sigma.
In parallel with the interpretation of direct field observations on
the Côa River Valley, stratigraphical, sedimentological and chro-
nometric data are provided by a mechanically-dug trial trench
(orientated perpendicularly to the Vilariça fault zone and carried
out in the left margin of the Douro River, in the vineyard of Quinta
do Vale do Meão) (Fig. 1B) to date and assess fault displacements
(Rockwell et al., 2009).
4. Stratigraphic and chronological data of the CôaRiver valley
sites
4.1. Olga Grande 4
Locus 4 of the Olga Grande site (locally called Pedras Altas) is
one of a cluster of sites located along the right bank of the
Ribeirinha Rivulet, a tributary of the Côa River draining the granitic
plateau corresponding to the Pliocene erosional surface of the
Iberian Meseta (Aubry et al., 2002; Aubry, 2009; Fig. 1B and C). The
sequence observed at the Olga Grande 4 site during archaeological
work between 1999 and 2002 is composed of four GFU, corre-
sponding to granitic sands accumulated on ledges and hollows
circumscribed by rock outcrops (Sellami, 2009b). Bronze Age and
Neolithic ceramics and lithic remains are conserved in the
disturbed uppermost unit. The remaining undisturbed sequence
contain several chronological and cultural stages of the Middle and
Upper Palaeolithic (Middle Gravettian, Upper Solutrean and Upper
Magdalenian), established by the typology of lithic assemblages
and absolute dating methods (Tables 1 and 2).
4.2. Cardina 1
The sequence observed during archaeological work between
1995 and 2001 is conserved on a rock terrace, 20 m above the
CôaRiver bed level, which corresponds to a deviation of the
watercourse caused by a rhyolite dyke (Fig. 1B). The bottom of the
sedimentary sequence is not known. Four GFU were defined during
the archaeological work, accumulated by surface runoff (Bergadà,
2009; Bergada et al., 2009). These range from the late Pleistocene
period, including Upper Palaeolithic (recent Gravettian, Solutrean,
Magdalenian and final Magdalenian, respectively, at the bottom,
middle and top of thee OG4-3 GFU), established by the typology of
lithic assemblages and absolute dating methods, as well as the
modern and Neolithic to Bronze Age ceramic fragments and flint
bladelets recovered in the two uppermost GFU (Tables 1 and 2).
4.3. Quinta da Barca Sul
The site corresponds to a topographic break on a sharp schistose
slope 10 m above the riverbed, located on the left margin of the
CôaRiver (Fig. 1B and C). The sedimentary sequence observed
during archaeological works between 1998 and 2001 (Aubry, 2009)
is constituted by colluvial (QBS-1 to 3b units) and alluvial (QBS-4
unit) deposits conserved on the top of a schist rock terrace,
constituting a topographic break of slope favourable to the accu-
mulation of fine sediments and weathering debris (Fig. 4). The QBS-
3b unit contains flint and fine-grained siliceous rock curved backed
points, characteristic of the final Magdalenian phase in Portugal
(contemporaneous with the Azilian phase of the Pyrenean and
southern France regions); it was dated by TL between ca. 11 600 BP
and 12 700 BP (Table 2). A few lithic remains that could techno-
logically be ascribed to an undefined Upper Palaeolithic phase were
recovered in the discontinuous alluvial QBS-4 unit (Aubry, 2009).
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Table 1
Geographical, geomorphological and archaeological contexts of the sites discussed in the text.
Archaeological Site Longitude Latitude Altitude
(m)
Geomorphological context Cultural context References
Olga Grande 4 40580 10,440 0N 703023, 430 0W 510 Topographic break on granitic bedrock between
top slope and floodplain (Côa River)
N/B, UP, MP Aubry (2009)
Cardina 1 4058046,110 0N 706001, 890 0W 165 Fluvial rock terrace on schist bedrock (Côa River) M, B, C, UP Zilhão (1997);
Aubry et al. (2002);
Aubry (2009);
Valladas et al. (2001)




Valladas et al. (2001)
Penascosa 4106030, 330 0N 7060 017,080 0W 140 Fluvial rock terrace at the interface between schist
bedrock slope and floodplain (Côa River)
M, N/C Zilhão (1997);
Aubry (2009)
Colmeal 4101017, 030 0N 706018, 390 0W 130 Fluvial rock terrace at the interface between schist
bedrock slope and floodplain (Côa River)
M, UP? Aubry (2009)
Olgas da Quinta
de Ervamoira
4101016, 430 0N 706033, 610 0W 135 Fluvial rock terrace at the interface between
schist bedrock slope and floodplain (Côa River)
N/C, B?, UP?
Rocha 14 Piscos 4101048, 170 0N 706058, 910 0W 130 Small topographic break on schist bedrock
slope (Côa River)
UP?, RA Aubry (2009)
Fariseu 4102016, 640 0N 706036,530 0W 125 Fluvial rock terrace at the interface between schist
bedrock slope and floodplain (Côa River)
M, N/C?, B?,
UP, RA
Aubry et al. (2002);
Aubry (2009);
Mercier et al. (2006);
Aubry and Sampaio (2008)
Quinta do Vale do Meão 4109059, 350 0N 706054, 700 0W 110 Fluvial rock terrace at the interface between schist
bedrock slope and floodplain (Douro River)
M Rockwell et al. (2009)
M ¼ Modern/Medieval; B ¼ Bronze Age; N ¼ Neolithic; C ¼ Chalcolithic; ME ¼ Mesolithic; UP ¼ Upper Palaeolithic; MP ¼ Middle Palaeolithic; RA ¼ Palaeolithic Rock-Art.
Fig. 4. Correlative framework and description of the floodplain alluvial units (white) and colluvial and slope deposits (grey) of the Côa River Valley and at Quinta do Vale do Meão,
in the Douro River Valley.
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4.4. Penascosa
The section studied is located on the right bank of the CôaRiver,
downstream from the Penascosa engraving site (Fig. 1B and C). The
stratigraphic sequence of the floodplain at its contact with the
schistose slope was obtained by a machine-dug trench perpendic-
ular to the river (Zilhão, 1997). An archaeological test was
completed near the slope in the trench. The sequence is composed
of four alluvial GFU (PEN-1, 3, 4 and 5) intercalated with a slope
deposit (PEN-2 unit; Fig. 4). A sample of organic material recovered
in the PEN-1a unit, dated by the 14C conventional method (Table 2),
could be correlated with a time of repopulation and agricultural
reuse of this region during the medieval period. The lithic remains
recovered in the PEN-2 could be attributed to a Neolithic or Chal-
colithic occupation of the floodplain.
4.5. Colmeal
The site is located 1 km downstream from the Penascosa trench
on the same bank of the river (Fig. 1B and C). Two test holes
completed in 1997 in the upstream limit of a large meander reveal
a sedimentary sequence composed of alluvial (COL-1a to 1c units)
and slope deposits (COL-2 unit; Fig. 4). The layer of organic material
intercalated in the alluvial unit could be correlated to the PEN-1a
unit of the Penascosa site. The bottom of the COL-2 unit, at the
interface with the schist outcrop, has yielded few non-diagnostic
lithic remains (Aubry et al., 2002; Aubry, 2009).
4.6. Olga da Quinta de Ervamoira
The site is located a few hundred metres downstream of the
Colmeal test holes, in the floodplain of the opposite margin. The
four machine-dug trial realized in 2009, forming an axis orientated
perpendicularly to the CôaRiver, have revealed a maximum of
eleven GFU of alluvial and colluvial deposits (S2 site). Fragments of
ceramics were recovered in the alluvial OE S2-7 unit (Fig. 4),
associated with some heated fire pit stone fragments. Their prob-
able secondary position, the absence of decoration and thematerial
used for the fabric do not permit the ascription of a precise chro-
nology between the Neolithic and the Bronze age to these alluvial
units. Technologically, non-diagnostic lithic remains were recov-
ered in the OE S1-5 and 6 units (Fig. 4).
4.7. Rocha 14 Piscos
The engraved Rock 14 Piscos site is located 3 m above the
riverbed, at a place influenced by the Pocinho dam at the mouth of
the Piscos Rivulet, a left-bank tributary of the CôaRiver (Fig. 1B and
C). The rock art panel is located in a small topographic terrace at the
bottom of an uneven schistose slope. Archaeological work was
completed in 2000 and 2003 (Aubry, 2009) to establish the sedi-
mentary sequence at the boundary of this panel preserving Palae-
olithic engravings stylistically attributed to the Magdalenian
(Baptista, 2008). The sequence is composed of a recent alluvial
deposit (R14-1 unit), related to recent flows resulting from the Côa
dam project, and four slope deposits (R14-2e5 units; Fig. 4). Non-
diagnostic lithic remains (core and flakes of quartz and quartzite)
were discovered in the R14-3 and 4 units. The R14-1e4 units are
covering the engravings that are stylistically attributed to the Upper
Magdalenian (Baptista, 2008).
4.8. Fariseu
The site, localised on the central portion of the left bank of
a meander of the CôaRiver (Fig. 1B and C), was archaeologically
tested in 1999 (Aubry and Baptista, 2000) and excavated in 2005
and 2007 (Aubry et al., 2002; Aubry, 2009). The 3 to 6 m-thick logs
observed were divided into ten GFU in the G-92/93 profile (FA-1a to
10) and eight GFU in the Rock 1 profile (FA-1 to 8; Fig. 4). The
sediments were accumulated in an alluvial setting and through
gravity-driven slope processes (Sellami, 2009a). The sequence
conserved Upper Palaeolithic lithic and faunal remains typologi-
cally attributed to and dated by 14C AMS and luminescence
methods (Table 2) as Final Magdalenian (FA-4 unit), Upper
Magdalenian (FA-6 unit), Solutrean (FA-9 unit) and, probably,
Gravettian (FA-10 unit).
4.9. Quinta do Vale do Meão
This mechanically trial trench was dug perpendicular to the
Vilariça fault zone in 2007 on the left bank of the Douro River,10 km
downstream of the Côa mouth (Fig. 1B), to date and assess fault
displacements (Rockwell et al., 2009). The sequence 10m above the
riverbed is composed of slope (QV-1a to 3b; QVM-1a and 5) and
alluvial (QVM-6a to 6e) GFUs (Fig. 4). This section did not revealed
archaeological remains, but it provided a complementary chrono-
logical framework for several phases of Lateglacial and Holocene
alluvial and slope sedimentation in the Douro floodplain.
5. Stratigraphical, archaeological and palaeoenvironmental
correlation
The geological, archaeological and chronometric data obtained
for the studied deposits permit the elaboration of a chrono-strati-
graphic framework and the correlation of sedimentary unconfor-
mities corresponding to erosive or non-deposition phases (Fig. 4).
The sequences preserved at the bottom of the Côa River (Fariseu,
Colmeal, Olgas da Quinta de Ervamoira) and Douro valleys (Quinta
do Vale do Meão) reveal the existence of a main unconformity
between the Pleistocene and Holocene record, in accord with the
model of two main alluvial units found in Mediterranean valleys
and described by Vita-Finzi (1969): the ‘Younger Fill’ of historical
age, which cut into the ‘Older Fill’, regarded as being of Late
Pleistocene age.
This correlation framework also reveals a lack of sedimentary
record in the floodplain for the early Holocene. The 14C ages
obtained from organic materials (badly preserved small charcoal
fragments) recovered in the most recent alluvial unit at Penascosa
in the Côa Valley (PEN-1a: 829e967 cal yr BP) and at Quinta do Vale
do Meão in the Douro Valley (QV-2b: 4583e4781 cal yr BP and in
QV-3a: 4657e4820 cal yr BP; Table 2 and Fig. 4), as well as the
prehistoric and historical ceramics recovered along all the thick-
ness of the slope deposit of FA-2 unit at Fariseu site, indicate that
deforestation and agriculture had a direct impact on the destabi-
lisation of the soils, normally stabilised by the vegetation on the
slopes, and on the increase in the alluvial clastic input. Such
a phenomenon could correspond to a repopulation of the area by
farmers at the beginning of the Neolithic and during several
historical periods. However, the complex interactive response of
the drainage basin to climatic and land use changes remains to be
documented in terms of processes and precise chronology.
The data obtained from the study of the Prazo site, located on
a granitic plateau ca. 15 km to the east of the CôaRiver mouth, can
compensate partially the Holocene record missing in the flood-
plain. This site yields a composite sequence that permits the
reconstruction of environmental change of the early and middle
Holocene, based on the macroscopic study of surface runoff
deposits over a granitic bedrock (Fig. 5; Monteiro-Rodrigues and
Angelucci, 2004).
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We compare the Côa River Valley data with the Greenland ice
core climate proxy record (GRIP; Johnsen et al., 2001) plotted on the
SFCP2004 time scale of Shackleton et al. (2004) where Heinrich
events (HE) 1e3, the Younger Dryas (YD) and Greenland intersta-
dials (also called Dansgaard-Oeschger, D/O) 1e7 are highlighted
(Fig. 5). This proposal also integrates the model proposed by Zilhão
and Almeida (2002), based on the study of the sequence of the
Lagar Velho rock-shelter site (Leiria, Central Portugal; Angelucci,
2002) and other Gravettian occupations from Central Portugal
(see Zilhão, 2003).
For the Pleistocene record, we can thus define two main phases
of weathering (W1 and W2 in this paper) of the schist outcrops in
the CôaRiver Valley. These phases of weathering are characterised
by an increase of the mechanical degradation and sedimentary
accumulation of rock fragments produced on the topographic break
located at the limit of the floodplain (Figs. 5 and 6). These deposits,
revealing a planar macro-structure interpreted as the result of
mechanical degradation by temperature cycles (Sellami, 2009a,b),
were detected and dated at the Fariseu site (FA-4 and FA-7/8; Fig. 4)
and on the slope at Quinta da Barca Sul (QBS-3b), and also in the
valley of Douro at Quinta do Vale do Meão (QVM-4a and 5). The
chronometric ages obtained by luminescence and 14C methods and
the sedimentary processes implicated show a good correlation
between these slope deposits, constituted essentially of schist rock
fragments, with the chronology of the cold HE1 (Lebreiro et al.,
1996) for the W1 phase defined in this paper, and the Younger
Dryas (Dansgaard et al., 1989) corresponding to theW2 phase (Figs.
5 and 6).
The alluvial deposits at the base of the Quinta do Vale do Meão
sequence and between the two levels considered as reflecting cold
events and rock slope weathering (probablyW1 andW2) at Fariseu
(FA-5 and 6; Figs. 5 and 6) indicate a low energy depositional
environment (Sellami, 2009a). The FA-5 and FA-6 units at the Far-
iseu site correspond to sand members deposited at the limit of the
floodplain and affected by several pedological processes resulting
from various flood events. By its relative and chronometric age, this
paleoenvironmental change (from rock slope to alluvial accumu-
lation) can be related to the Greenland interstadial event 1, dated by
OSL to 15 200 1600 BP (Table 2 and Fig. 5). An earlier alluvial level
(FA-3 and FA-3 units) at the Fariseu site, was not dated and is
archaeologically sterile. This alluvial deposit overlays the slope
deposit corresponding to the Younger Dryas and is truncated by
erosion. It corresponds to a low energy deposit, similar to FA-5 and
6 units, at the limit of the floodplain, and could be correlated to the
sudden earliest Holocene warming (Dansgaard et al., 1989). This
deposit could be contemporary with the large pebbles, gravels and
sand deposited on the mid-channel at the Penascosa site, consid-
ered early Holocene by Rochette Cordeiro and Rebelo (1996), but
has yet to be archaeologically observed at this location.
Another erosive unconformity precedes the slope deposits
associatedwith the cold conditions of the HE1 and affects the top of
alluvial units FA-9 and 10, which were only detected in the test pit
of the middle part of the Fariseu site (Fig. 4). Charcoal recovered at
the top of unit FA-9 yielded a radiocarbon date of 19 020  80 14C
yr BP (22 581e23 174 cal yr BP; Table 2). The conservation of this
unit at the base of the sequence of the central part of the site proves
that some alluvial deposits prior to this erosion could be preserved
in the Côa floodplain at a depth of less than 5 m of the present
riverbed. However, the immersion of the lower portion of the basin
(Fig. 1B) does not provide the data necessary to complete the
framework of the environmental changes prior to the Lateglacial.
Data obtained at Cardina I (Bergadà, 2009; Bergadà et al., 2009)
and at Olga Grande 4 and 14 (Sellami, 2009b), localised, respec-
tively, at ca. 20 m above the present riverbed and at ca. 550 m a.s.l.
on the granitic plateau (Fig. 1B), show that the parental materials of
the floodplain sequences studied at Fariseu site were mainly
provided by the granite of the upper part of the drainage basin
(Sellami, 2009b; Fig. 1B).
The micromorphological study of the sequences conserved at
Cardina I (Bergadà, 2009; Bergadà et al., 2009) and at Olga Grande 4
and 14 (Sellami, 2009b) allows the reconstruction of the palae-
oenvironmental conditions and the processes of formation and
preservation of slope deposits on schist and granite rocks, in part
deposited before the HE1. Among the features observed at Cardina I
in the deposit contemporaneous with the recent Gravettian occu-
pation (dated by TL between 26 500  1800 BP and
30 100  1500 BP) are platy type sedimentary micro-structure
documenting freeze-thaw processes, also apparent, but at a lesser
level, in the deposits containing Upper Magdalenian remains
(Bergadá, 2009; Bergadá et al., 2009). This structure, characterised
by horizontal planar type voids, is produced when the lowering of
the ice front is fast and its intensity is not important (Van Vliet-
Lanoë, 1987). Its palaeoclimatic significance is that the soil freezes
seasonally or that during the cold season freezing is frequent
(Sjoerd, 1993). At Cardina I a main hiatus and a stabilisation of the
slope are apparent between these two cultural phases in a range
that can be evaluated between ca. 27 000 BP and 13 500 BP.
At Olga Grande 4 and 14 sites, a seasonal accumulation of snow
cover and slight frost is evidenced by the micro-structure in the
sample studied of the deposit containing the Gravettian remains
(Sellami, 2009b), dated by TL between 27 200  2300 BP and
31 000  2500 BP.
6. Implications of the fluvial sedimentary environment on
the conservation of the archaeological context and visibility
of the engravings
The chronological and environmental framework proposed
above points to a better preservation of the occupation levels
contemporaneous with the higher sedimentation rate, attested in
the sequences during the recent Gravettian and at the end of the
Magdalenian, and it reveals several sedimentary hiatus and erosive
unconformities between these two phases (Fig. 5).
At Cardina I, the micromorphological study shows a sedimen-
tary hiatus between two slope deposits corresponding to cold
conditions, with an age range between ca. 25 000 and 15 000 BP
(Fig. 5). This hiatus could explain the age of 23 400  1500 BP and
20 700  1300 BP obtained by TL on a burnt pebble from the top of
the Gravettian level (Valladas et al., 2001; Table 2). It could also
explain the fact that at the Fariseu site, the limit is progressive
between the alluvial FA-9 unit, where a diagnostically Solutrean
artefact bearing heat treatment was recovered, and the FA-10 unit
that yielded a lithic assemblage similar to regional Gravettian
series. This hiatus is also attested on the granitic plateau and is
characterised by an erosion event and the remobilisation of the
Upper Solutrean shouldered points throughout the thickness of the
second GFU from the top at Olga Grande 4 and 14 sites, underlined
by the Upper Magdalenian occupation (Aubry, 2009).
The data available for the sedimentary floodplain record and
how it has evolved over time does not allow us to establish a direct
correlation between the deposits contemporaneous with the
Gravettian and Solutrean occupation and the Côa engravings, but it
allow a study of the environmental setting after and during the HE1,
affecting the engravings of the older phase or coeval of the younger
phase. For the older artistic phase, dated prior to ca. 18 400 BP, at
the upstream limit of its geographical distribution (Figs. 1 and 3;
Penascosa and Quinta da Barca sites), the proximity of engraved
panels to the riverbed has exposed them to the successive erosive
and weathering processes (Figs. 3 and 6). In this area of the basin,
the preservation of pre-Heinrich Event 1 deposits is unlikely. On the
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other hand, it is highly probable that most of the engravings at the
Penascosa and Quinta da Barca sites were buried by Lateglacial
alluvial deposits. For this reason, the topographical and geomor-
phological conditions of the floodplain are unfavourable to yield
any remains of Palaeolithic humans in primary position, only evi-
denced by engravings in the floodplain margin of this portion of the
valley (Zilhão, 1997).
The existence of engraved rocks entirely buried by Holocene
deposits younger than the erosion at the base of the section studied
at Penascosa and Colmeal sites (Fig. 3) cannot be completely dis-
carded, considering the geophysical profile obtained in front of
Rocks 4 and 5 at Penascosa, which reveals the existence of more
than 5 m of deposits in front of the engravings (Zilhão, 1997).
Nevertheless, the spatial distribution and density of the engravings
at the base of the slope may be considered an indication of their
longitudinal distribution along the river and reveals two clusters at
the limits of the Penascosa/Quinta da Barcameander (Baptista et al.,
2009; Fig. 1C). However, the localities with engravings stylistically
assigned to the older artistic phase and yielding the higher degree
of rock weathering, are located on the slope at less than 70 m of
elevation above the current floodplain (Chauvière et al., 2009;
Fig. 3). A differential preservation must be taken into account if we
Fig. 5. Proposal of deposition and sedimentary unconformity correlative framework established through data obtained in the Côa River Valley during the last ca. 35 000 yr BP and
tentative correlations between the Greenland ice core climate proxy record, Heinrich Events and age of geoarchaeological studied sites samples. Greenland Ice Core Record (GRIP;
Johnsen et al., 2001) plotted on the SFCP2004 time scale of Shackleton et al. (2004). Vertical stripes place Heinrich events (HE) 1e3 and the Younger Dryas (YD). Numbers 1e7 refer
to the Dansgaard-Oeschger (D/O) or Greenland interstadials, LGM ¼ Last Glacial Maximum, (a). Narrow white bars correspond to age error range (14C calibrated age) for samples
from the geoarchaeological field units studied (b).
T. Aubry et al. / Journal of Archaeological Science 37 (2010) 3306e3319 3315
Author's personal copy
try to interpret the distribution of rock art along the slope, notably
in terms of human choices (Baptista et al., 2009).
Downstream from the Colmeal meander, engraved panels of the
older phase are located in clusters (Figs. 1C and 3), on panels on an
uneven slope topography, or on the concave (inner) margin of
meanders. In this setting, the engraved rock panels and deposits are
less affected by erosive processes, and a large portion of these are
probably buried by Lateglacial andHolocene deposits, as the Fariseu
Rocks 1 and 19 sedimentary context documents (Fig. 6). In
a geomorphological situation also favourable to the preservation of
deposits andarchaeological remains (as evidencedby the Lateglacial
sedimentary record of Fariseu site), weathering processes probably
occurred during and after the Gravettian. However, floodplain
deposits related to these events were affected by erosion before the
HE1 and only partially preserved at Fariseu site, (Figs. 4 and 7).
The Fariseu site data show that at this elevation in the valley and
down to the junction with the Douro River, the Holocene erosion
uncovered probably only a small part of engravings of the older
artistic phase in the CôaRiver Valley, at the base of the slopes, or in
the lowest part of its tributaries. Of a total of 397 representations
assigned to the older graphic phase (Baptista et al., 2008, 2009), 90
belong to the same panel (i.e., Rock 1) at Fariseu. Like in Rock 19
from the same site, that yielded only a small part of pecked or
deeply incised representations before its complete excavation
(Fig. 6), we suggest that more than a quarter of the representations
of this phase were not detected during the survey and that the 114
visible figures of this phase from the site of Canada do Inferno
(Baptista et al., 2008, 2009) constitute only a small number
compared to what must still be buried. The attempt to reconstruct
the topography of the Fariseu schist outcrops before the HE1 allows
us to predict where engravings could be buried (Fig. 7).
The correlation between the alluvial units of the Fariseu and
Quinta do Vale do Meão site sequences reveals a similar sedimen-
tary response to high water flows during the Lateglacial (dated ca.
14 000e15 000 BP; Fig. 5), resulting from a global environmental
warming (Steffensen et al., 2008) with higher seasonal discharges
or a distinct climatic controlled hydrologic regime (Aubry et al.,
2002). Thus, if engravings were also completed along the Douro
drainage basin and are preserved at the limit of the floodplain like
in the CôaRiver Valley, the Vale do Meão sedimentary record
indicates those panels are probably entirely buried by Pleistocene
and/or Holocene deposits. Unfortunately, the existence of several
dams does not allow confirmation of this assumption.
7. Conclusions and discussion
Data on Palaeolithic rock art discovered during the survey
carried out since 1995 in the CôaRiver Valley show a regular
increase in the detection of panels–currently 330, corresponding to
29 clusters (Baptista and Reis, 2009). However, most of the newly
discovered open-air rock art could be dated to the Younger Dryas,
on the basis of the stylistic conventions of portable art represen-
tations recovered in the FA-4 unit of the Fariseu site (Fig. 2). The
detection of new engravings of the older artistic phase is limited by
the impossibility of checking the margins of the Côa River Valley in
the area flooded by the Pocinho dam located in the Douro drainage
basin (Fig. 1B) and the floodplain of this river was immersed by
many other dams. Such a situation around theMazouco engravings,
located in a portion of the Douro River Valley affected by another
dam in Spanish territory, is the principal limitation to the knowl-
edge of the distribution of engravings of the older graphic phase.
Considering that Rock 1 at Fariseu yields 92 representations
(Fig. 2D), of a total of 397 figures assigned to the older graphic
phase (Baptista et al., 2008, 2009), the equivalent of some of the
richest Palaeolithic art caves, we argue that the majority of the rock
art of this phase is buried by later deposits at the bottom of the
valley (Figs. 6 and 7) and that the open-air rock art currently visible
must be a small percentage compared to the buried ones.
The data available in Baptista (2009) suggest that the density of
rock art of the older phase in the Côa does not have any equivalent in
other tributaries of the Douro drainage basin (Ribeira de Aguiar,
Sabor and AguedaRivers). However, we believe that such scenario
results from the lack of a systematic survey similar to the work
developedbefore1995 in theCôaRiverValley. In fact, the last portion
of the river catchment and lower slope of other tributaries of the
Douro River Valley probably have a metamorphic bedrock and
tectonic faults, a pluvio-nival feed and preservation conditions
similar to thosewe reconstituted for the Côa River Valley during the
LGM (Aubry et al., 2002), and geomorphological settings similar to
that of the Fariseu site. So far, only the site of Siega Verde, in the Côa
River catchment (Fig.1A), with scarce figures of the older art phase–
some of which are partially buried by alluvial deposits dating to the
recent Holocene (Alcolea González and Balbín Berhmann, 2006)–
could constitute an equivalent of those represented at Penascosa
and Quinta da Barca sites, and yield clues of the existence of older
representations, currently buried but located downstream in the
hydrographic basin. Nevertheless, a recent survey of rock art
Fig. 6. Fariseu stratigraphic sections observed next to Rock art 1 and 19. Engraved surfaces buried since the deposition of stratigraphic unit FA-3, dated to the early Holocene.
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conducted byM. Reis (personal communication) in the lower valley
of theRibeira deAguiar, a tributarywith the confluence immediately
downstream of the Côa River on the same left margin of the Douro
River, did not reveal any engravings that could be attributed to the
older graphic phase represented by Rock 1 of the Fariseu site.
The setting of the most recent phase of Palaeolithic rock art is
quite different. Engravings discovered within the last ten years
could essentially be dated, by stylistic comparison with portable
art, to the end of the Lateglacial or the very beginning of the Early
Holocene. These engravings were detected along the slopes of the
Côa and Douro River Valleys (Figs.1C and 3), and up to the top of the
schist plateau (altitude over 500 m). Accordingly, the panels are
apparently not affected by the Younger Dryas phase of weathering
evidenced at Fariseu site. The survey realized until 2000 clearly
increased the number of rock art figures assigned to this chrono-
logical phase, and not only at the bottom of the valley slopes. The
distribution of the new finds on the Côa and Douro River Valleys
and recent discoveries in other drainage basins of southern Iberia
(Collado, 2009) reveal the large potential and the predictable
increase of rock art assigned to the Late Palaeolithic or initial
Holocene artistic phase.
The most favourable geomorphological setting for the preser-
vation of pecked and deeply superposed engravings of the most
famous artistic phase of the CôaRiver Valley is the interface
between the rocky slope and the floodplain. Data revealed
successive burial/uncovering phases of the engraved panels
preserved on the CôaRiver margin during the Pleistocene, which
are related to a re-organisation of the drainage basin imposed by
the hydrological system (Aubry et al., 2002). The sedimentary cover
of the engravings, combined with the characteristic siliceous-
metallic films developed in the diaclases of metamorphic rocks
(Chauvière et al., 2009; Fernandes, 2009; Pope, 2000), were prob-
ably the most important factors in their preservation during the
several phases of weathering related to the cold events of the LGM
and Lateglacial.
Data accumulated over the last 15 years in Iberia suggest that the
CôaRiver Valley was an unusual ecological mosaic of complementary
environments between the bottom valley and the Meseta plateau
during the LGM. The large variety of biotic resources in a small
territory resulted in a permanent exploration by hunter-gatherers
throughout the Upper Palaeolithic (Aubry, 2009; Aubry et al., 2002).
Specific geological and climatic conditions (Chauvière et al., 2009;
Fig. 7. Fariseu 3D slope profile reconstitution of the sedimentary filling prior to the Heinrich event 1, based on the section observed during the 1999, 2005 and 2007 excavations,
showing the potential area of preservation of buried rock art () and the topography of the site during the older artistic phase.
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Fernandes, 2009) allowed the partial preservation of a monumental
rock art made by Solutrean or (more probably) Gravettian human
groups (Aubry, 2009; Aubry and Sampaio, 2008). The sedimentary
record was a factor in its preservation, but it also constitutes a limi-
tation in the detection of most of them that are still covered by
sediment on the downstream 7 km of the CôaRiver Valley.
Better understanding of the environmental changes over time,
and excavations based on a predictive model of the geomorpho-
logical areas favourable for both the preservation of rock art panels
and prehistoric human occupation, could radically change the
corpus of data and our conception of the first artistic manifestations
in Europe.
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